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STUDIES IN THE BIOCHEMISTRY OF SKIN. III.
SUBSTRATE UTILIZATION BY CELL-FREE EXTRACTS OF ADULT RAT
EPIDERMIS *
THEODORE ROSETT, Pn.D., JOSEPH B. FOGG AND JAMES L. CLARK, A.B.
In an earlier publication we reviewed some of
the previous work done on the metabolism of
skin, with particular reference to respiration
(1). We also described (1, 2) a method for the
preparation of cell-free epidermal extracts which
exhibited substrate dependent respiration.
In this paper, we will describe another method
for the preparation of cell-free epidermal extracts
(CFEE), which respire very well, show a striking
dependence on the presence of ADP, and catalyze
the disappearance of glucose and a-ketoglutarie
acid.
EXPERIMENTAL
1) Preparation of epidermal extracts:
Subsequent to our earlier experiments (2), we
were advised of an application of the method of
stretching, to separate tbe epidermis of rat skin
from the corium (3, 5). As we stated, our earlier
preparations contained better than 50% epidermis,
contaminated with varying amounts of dermis.
Van Scott (4) described a method of separating the
epidermis of human skin by manually stretching
it, and removing the loosened epidermis by a
combination of pulling and dissecting. We were
unable to apply this method to rat skin. More
recently, Freedberg and Baden (5) have been
successful in applying this method to rat skin by
means of a special apparatus.
We have modified their method as follows: A
wood vise was obtained that (1) had no slip lock,
and was capable of exerting tension while the
jaws were opening, (2) had jaws that were drilled
for face plates, (3) had jaws that could be opened
to a distance of 12 inches. Stainless steel face
plates were prepared and bolted to the jaws.
Rat skins could be clamped in this apparatus,
stretched out tightly and the epidermis scraped
free as shown in Fig. 1.
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Albino male rats, weighing 250 gm (obtained
from the Charles River Breeding Farms) were
killed, and the skins stretched on a sponge as
previously described (1). The skins were shaved
with an electric clipper, and then moistened with
concentrated Phisohex. The skins were then
shaved smooth with a safety razor, again rubbed
with Phisohex and chilled. After a minimum of 5
minutes the skins were washed free of Phisohex,
and stretched. The skins were wiped dry with
Hospital tissues, the epidermis scraped free, and
immediately placed in a chilled tared beaker con-
taining Tris Buffer .05 M pH 7.4, thiocthanol,
10 M, and a mixture of antibiotics.t
All subsequent operations are performed at a
temperature of 0—5° C. Epidermis obtained from a
single rat averages 1.5 gm wet weight. The epi-
dermis is homogenized (6) and centrifuged at 2000
X g in a clinical centrifuge, the supernatant
decanted. The precipitate is rehomogenized in a
conical glass homogenizer and thea isonatedt 5
minutes with 2 gm of glass micro beads added.
The homogenate is centrifuged as before, the
supernatants combined and dialyzed against 3
liters of continuous running Tris Buffer pH 7.4,
.05 M, containing thioethanol l0 M for 18 hours.
In a typical experiment, epidermis from 15 rats is
used, a cell-free extract of 50 ml is obtained, and
the dry weight of this extract averages about
.010 gm/ml.
2) Incubations:
All incubations were carried out in 18 place
Aminco Warburg respirometers as previously
stated (1). In addition to substrate, cof actors, etc.,
each 2 ml incubation contained antibiotics as
shown in Table I. Other details as previously
stated.
3) Analyses:
All incuhations, controls and zero time controls
were deproteinized by precipitation with TCA
and aliquots removed for analysis. Phosphate
analysis was by the method of Gomori (7). Glucose
was assayed using glucostat reagent (8). ADP
was assayed using commercial enzymes and
following the oxidation of DPNH in the following
reactions (9):
t See Table I.
t The samples were insonatcd with a Branson
Sonifier, Model S-75, set at the highest power.
§ Minnesota Mining and Manufacturing Com-
pany, no. 070-5005.
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FIG. 1. Removal of epidermis
TABLE 1
Concentration of Antibiotics per 2 ml Incubation
Mixture
Erythromycin .25 mg.
Oxytetracycline .5 mg.
Penicillin G .65 mg.
Kanomycin .5 mg.
Polymixin B .25 mg.
Chioramphenicol .25 mg.
Streptomycin 1.0 mg.
Oleandomycin .25 mg.
Pyruvate
ADP + Phosphoenol Pyruvate Kinase
ATP + Pyruvate
Lactic
Pyruvate + DPNH
Dehydrogenase
Lactate + DPN
a-ketoglutaric acid was assayed enzymatically as
follows:
a-ketoglutarate + NH4 + DPNH
Glutamic
Glutamic Acid + DPN
Dehydrogenase
again following the oxidation of DPNH.
ATP was assayed by:
HexokinaseATP + Glucose __________
Glucose-6-Phosphate + TPN
G1ucose-6Phospate + ADP
+ Glucose-6-Phosphate
dehydrogenase
Gluconolactone-6-Phosphate + TPNH
and following the change in optical density due to
the reduction of TPN.
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RESULTS
Experiment 1
Epidermis obtained from 3 rats was homog-
enized in 10 ml Buffer. Final volume—15 ml of
homogenate. Endogenous respiration was low,
and could be stimulated by the addition of
cofactors, as shown in Fig. 2. Although the addi-
tion of glucose did not stimulate respiration,
glucose disappeared from the incubation medium
as shown in Table 2.
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Fio. 2. Cofactor stimulation of respiration of
whole homogenate. 1. Homogenate 1.0 ml, Phos-
phase 30 1LM, MgCI2 100 MM, KF 50 MM. 2. 1 +
thioethanol, 1 pM; ADP, 30 MM; DPN 10 MM.
TABLE 2
Glucose Uptake by Whole Epidermal Homogenates
Additions
Glucose Re-
maining after
incubation
1) Homogenate 1.0 ml, Phosphate
30 MM. MgC12 100 pM, KF 50
MM, Glucose 6.0 MM
2) 1 + thioethanol 1 MM, ADP 30
MMDPN1OMM
3) 2, stopped by 3 per cent TCA at
Otime
6.7 MM
12pM
6.0MM
FIG. 3.Stimulation of the Respiration of Cell-
free Epidermal Extracts by the Addition of Co-
factors. 1. Dialyzed cell-free epidermal extract
1.0 ml, (dry weight 14 mg/ml.), phosphate, 30
pM; MgC12, 100 MM; KF, 20 MM; ATP, .1 MM;
Succinate, .1 MM. 2. 1 + thioethanol 3 pM, ADP
30 pM, DPN 10 MM.
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FIG. 4. Disappearance of glucose from medium
as a function of time. Incubation flasks contained
mixture 2. Figure 3 + glucose 11.2 MM.
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FIG. 5. Stimulation of Respiration by Increas-
ing Concentrations of ADP. 1. DCFEE (dry wt.
8 mg/mi) 1.0 ml, thioethanol 1.0 /LM, DPN 10 sM,
Phosphate 23 /LM, succinate .1 jcM, MgC12 100
pM, KF 20 pM, ADP 1 pM. 2. Same as 1 but ADP
3 M. 3. Same as 1 but ADP 10 pM. 4. Same as 1
but ADP 30 /LM.
In earlier experiments it was noticed that
more inorganic phosphate was recovered from
incubation media than was originally added.
When increasing amounts of ADP were added,
correspondingly larger amounts of phosphate
could be recovered. Carruthers (10) has reported
an apyrase activity in skin which will hydrolyze
phosphate from either ADP or ATP. Such an
activity would explain the lack of phosphate
requirement when large amounts of ADP were
added. If the presence of large amounts of phos-
phate inhibit glycolysis and respiration in these
extracts, then the omission of phosphate from
the medium and the presence of sufficient
amounts of ADP to furnish both phosphate and
phosphate acceptor would appear to stimulate
glycolysis and respiration. Figure 5 shows the
stimulation of respiration by varying concentra-
tions of A]JP. Table 4 shows glucose uptake and
phosphate release dependent on concentration
of ADP.
The addition of KF to these systems is obliga-
tory for the disappearance of both glucose and
a-ketoglutarate. The apparent mechanism of this
requirement is to inhibit the hydrolysis of either
ADP or ATP. Table 5 shows the effect of KF
on the amount of orthophosphate recoverable
TABLE 3
Requirements for Glucose Uptake by Dialyzed
Cell-free Epidermal Extracts (DCFEE)
TABLE 4
Effect of ADP Concentration of Glucose Uptake and
Phosphate Release by DCFEE
Incubation mixture same as 1, Figure 5
Glu-
cose
Added
11.2
Glu-
cose
con-
sumed
.4
System
1) DCFEE, 1.0 pl:
Phosphate, 29.0
pM; MgCI2, 100
pM; KF, 20 pM
ATP, .1 pM;
Succinate, .1 pM.
2) 1 + thioethanol, 3
pM;ADP, 3OpM;
DPN, 10pM.
3) 2
4) 2
5) 2
6) 2
7) 2
8) 2
9) 2
ADP
Added
Glucose
Added Consumed
Phosphate
Added Recovered
1 8.9 2.3 23 24
3 8.9 2.3 23 26
10 8.9 3.0 23 29
30 8.9 4.6 23 42
Omit
0
0
-thioethanol
-ADP
-DPN
-Phosphate
-ATP and
Succinate
-MgC12
-KF
11.2 5.4 Experiment 2
Dialyzed cell-free epidermal extracts (DCFEE)
11.2 4.5 showed low endogenous respiration, stimulated by
11.2 .4 the addition of cofactors as shown in Fig. 3.
11.2 3.3 Although addition of substrate gave only a
11.2 8.0 slight stimulation of respiration, the disappear-11.2 6.2 ance of glucose from the medium could be shown.
The rate of glucose uptake is shown in Fig. 4.11.2 .4 Requirements for glucose uptake are shown in
Table 3.
Experiment 3
E
U)C0
C-)
('40
60 90 20
Time, minutes
STUDIES IN THE BIOCHEMISTRY OF SKIN. III
TABLE 5
The Effect of A dditions on ADP Hydrolysis by DGFEE
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TABLE 6
Requirements for a-ketoglutaric Acid
Disappearance in DCFEE
a-ketoglutaric
Acid
System Omit
Added si
1) DCFEE, 1.0 ml 6.6 0
(dry wt. 15mg);
Suecinate, .1j.5M;
MgCI2, 100 jiM;
KF, 2OpM; ATP;
.1 jiM.
2) 1 + thioethanol, 3 6.6 4.5
jiM; ADP, 3OjiM;
DPN, 10 pM.
3) 2 -thioethanol 6.6 4.8
4) 2 -ADP 6.6 3.1
5) 2 -DPN 6.6 .0
6) 2
-Phosphate 6.6 4.6
7) 2 -ATP and 6.6 4.5
Succinate
8) 2
-MgCI2 6.6 2.2
9) 2 -KF 6.6 1.4
from the medium. Neither ADP nor ATP could
be detected in any medium incubated with
DCFEE for 3 hours or more. The lack of stoichi-
ometry between ADP disappearance and ortho-
phosphate liberation might be explained by (1)
phosphate is accumulating in phosphorylated
glycolytic intermediates, or (2) pyrophosphate is
reversably cleaved from ADP or ATP, and
pyrophosphate is then hydrolyzed to orthophos-
phate at a slower rate.
Experiment 4
DCFEE will also catalyze the disappearance of
a-ketoglutaric acid from the medium, in the
presence of added cofactors. Table 6 shows the
requirements for a-ketoglutaric acid disappear-
ance.
SUMMARY AND DISCUSSION
The experiments presented here show that
addition of cofactors to epidermal extracts
obtained from stretched rat skins will stimulate
respiration. The conditions and cofactors
necessary for these preparations to catalyze the
uptake of glucose and a-ketoglutaric acid from
the medium are outlined, and their effects dis-
cussed.
The most unusual requirement is that for KF.
Preliminary experiments revealed that too high a
level of KF severely inhibited respiration, as
might be expected. Too low a concentration was
ineffective in slowing down the rate of hydrolysis
of ADP. The intercellular location of apyrase is
not known. Such an activity could be either
located in subcellular organelles and released
during the somewhat severe extraction procedures
followed or distributed throughout the cytoplasm.
If the latter be so, then it would appear that for
epidermis to respire and utilize substrate, a
requirement exists for either (1) a constant
supply of ADP, or (2) an inhibitor of apyrase.
System Omit
Inorganic Phosphate
Added Recovered
1) DCFEE, 1.0 ml (dry wt. 15 mg) Phos-
phate, 29 pM; ATP, .1 pM; Succinate,
.1 pM; MgCl2, 100 jiM; KF, 20 pM
2) 1 + thioethanol, 3 pM; ADP, 30 pM;
DPN, 10 pM
3) 2
4) 2
5) 2
6) 2
7) 2
8) 2
9) 2
0
0
-thioethanol
-ADP
-DPN
-Phosphate
-ATP + succinate
-MgCl2
—KF
29.0
29.0
29.0
29.0
29.0
0
29.0
29.0
29.0
27.4
52.1
48.3
25.2
52.6
24.2
49.9
55.4
67.1
—1.6
+23.1
+19.3
—3.8
+23.6
+24.2
+20.9
+26.4
+38.1
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DISCUSSION
DR. EUGENE J. VAN SCOTT (Bethesda, Md.):
Some people recently have been having difficulty
with metabolic viability, so to speak, of mechani-
cally separated epidermis. It is interesting that
you restore metabolic viability to mechanically
separated epidermis by the addition of cofaetors.
Have you had any experience with trypsin-
separated epidermis, and whetber or not it needs
eofaetors?
Da. JosEPH MCGUIRE (New Haven, Conn.):
You follow oxygen uptake in some experiments
and substrate utilization in others. In the
experiments in which oxygen is consumed, is the
respiratory chain operative? Can you turn it off
with cyanide or amytal?
DR. THEODORE RO5ETT (in closing): We have
had very little experience with trypsin-separated
epidermis. In our original experiments, almost
two years ago, we tested this out and we found
that we had a tremendous amount of bacteria
appearing in our medium and very few skin cells,
and so we went to the mechanical separation.
First, we used, as I recall, a safety razor, and
then we found this was much better. We use, on
an average, 15 rats for each experiment, and I
think you can see the difficulties of trypsinizing
all those skins.
To Dr. Maguire's question, we assume that we
are traveling through the respiratory chain, with
the glucose and alpha ketoglutarate. We have no
proof of this, but these are the directions in which
our experiments are headed. Now that we can
demonstrate that glucose and alpha ketoglutarate
are disappearing, our next experiments will be to
use radioactive glucose and radioactive alpha
ketoglutarate and separate the intermediates,
that is, the metabolic intermediates, on columns
and try to identify each of them and thus try to
establish the routes in which these things are
traveling in their oxidation.
